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I, Marc De Block, hereby declare that: 

1. I am a citizen and resident of Belgium. I received a Ph. D. degree in 1981 from 
the University of Ghent, Belgium. 

2. Since 1984, I have been employed in Ghent, Belgium by PLANT GENETIC 
SYSTEMS N.V. or its successor firms AVENTIS CROPSCIENCE N.V. and 
BAYER BIOSCIENCE NV. My work has involved the supervision of projects 
studying plant growth and development as well as supervision of projects 
studying tissue specific gene-silencing. 

3. I am familiar with the field of the plant molecular biology, particularly the fields of 
cell cycle research, plant development, apoptosis and stress resistance and I 
have authored and co-authored several scientific publications in these fields (a 
list of publications is submitted as ANNEX 1). I am also familiar with the field of 
post-transcriptional gene silencing and have applied such technology to achieve 
various traits as described in several scientific publications, e.g. those listed in 
ANNEX 1 as items 24 and 25. 

4. I have read US Patent Application No. 09/287,632 (the "Application") including 
the presently pending claims. 

5. I have been informed that Bayer Bioscience N.V. has obtained a license to the 
inventions as described e.g. in the Application. 

6. I have further been informed that in the Office Action dated 8 February 2007 
issued by the United States Patent and Trademark Office in connection with the 
Application, the Examiner alleged that "The claim(s) contain subject matter which 
was not described in the specification in such a way as to reasonably convey to 
one skilled in the relevant art that the inventor(s), at the time the application was 
filed, had possession of the claimed invention." 
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7. It is my understanding that the Examiner believes that the specification, claims 
and the art do not adequately describe the distinguishing features or attributes 
shared by the members of the claimed genus of DNA constructs for gene 
silencing comprising the recited sense and antisense nucleotide sequences and 
further comprising an intron sequence, whereby any intronic sequence is inserted 
anywhere in the chimeric DNA, and whereby the DNA construct provides for the 
function claimed, namely reducing the phenotypic expression of a nucleic of 
interest in any plant cell or in any isolated eukaryotic cell. 

8. The Examiner also asserts that the Application provides only two examples of 
chimeric constructs which contain an intron. Thus, the Examiner believes that the 
Application does not describe a sufficient number of different possibilities for the 
chimeric dsRNA constructs claimed to allow a person skilled in the art to 
conclude that the inventors were in possession of the genus as broadly claimed. 

9. I disagree with the Examiner for the following reasons. 

10. In the period of 1999-2003, I supervised and participated in a project at Bayer 
Bioscience N.V., together with Dr Marina Byzova aiming at reducing the 
adsorption or reflection of photosynthetically active radiation by the bright yellow 
flowers of oilseed rape. We investigated whether hairpin RNA-mediated gene 
silencing could be implemented to silence B-type MADS-box floral organ identity 
genes in a tissue-specific manner (i.e. in the second whorl only) to transform the 
yellow petals into green sepaloid structures in Arabidopsis and oilseed rape. The 
results of this project are summarized in the peer-reviewed publication listed as 
item 24 in my publication list and attached to this declaration as ANNEX 2. 

1 1. The design of the hairpin RNA encoding chimeric genes is described in detail on 
page 380 right column of ANNEX 2, in the section entitled "Plasmid construction". 
The hairpin RNA encoding chimeric genes contained either a 3' end of the B. 
napus homologue of APETALA3 ("AP3") or of the PISTILLATA ("PI") gene of A. 
thaliana, cloned in inverse orientation so that upon transcription a double 
stranded RNA molecule or hairpin RNA molecule could be formed. Both AP3 and 
PI are examples of B-type MADS-box floral organ identity genes. 

12. At the time of designing the hairpin RNA encoding chimeric genes we were 
aware --due to our collaboration with CSIRO, assignee of the Application- of the 
results indicated in the Application at least on page 23 and in Example 6 that the 
inclusion of an intron in the transcribed region enhances the efficiency of the 
reduction of expression of the gene of interest. Therefore, we decided to include 
an intron in at least one of the chimeric constructs (indicated in ANNEX 2 as 
pAP1 ::hpBPI) that were to be used in the project. 

13. Since I did not perceive the identity of the particular intron to be used to be critical 
to achieve the same effect, another intron which was readily available at our 
premises was used i.e. intron IV2 from the potato light-inducible tissue-specific 
gene ST-LS1 as described by Vancanneyt et al., 1990, Mol. Gen. Genet. 220: 
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245-250 (see ANNEX 2, page 380, 8-9 lines from the bottom of the right-hand 



14. Interestingly, the hairpin RNA encoding construct comprising the intron 
(pAP1::hpBPI) is the most efficient in Arabidopsis to achieve the desired double 
sepaloid phenotype (ANNEX 2 t page 381 right hand column lines 26-27) and is 
the only construct when used in oilseed rape resulting in flowers with an 
apetalous or partially apetalous phenotype, while no differences in flowering were 
observed with the intron-Iess construct (ANNEX 2, paragraph spanning pages 
382 and 383). Further modifications of the promoter driving the intron comprising 
hairpin RNA constructs finally resulted in the oilseed rape with sepaloid petals. 



15. 1 believe the above described clearly illustrates that the invention described in the 
Application was in my mind not limited to the particular exemplified intron, as I 
immediately decided to exchange it for another known intron. I believe that a 
person of ordinary skill in the art reading the Application at the time the 
Application was filed would have reached a similar understanding. 

16. In my view a person of ordinary skill in the art for the purpose of the inventions 
described in the Application is a person with a doctoral degree in the field of 
molecular biology of eukaryotes with at least some years of post doctoral 
research experience. 

17.lt is also my opinion that a person of ordinary skill in the art would have 
immediately understood that the applicability of the inventions described in the 
Application is not limited to the specific Example therein, nor to the particular 
intron used in that Example. The person of ordinary skill in the art would have 
understood that the exemplified intron could be exchanged for other well known 
introns, and that such other introns would function in the same manner, since the 
process of removal of introns from RNA molecules is a conserved process. 

18. In conclusion, it is therefore my opinion that a person of ordinary skill in the art 
would have reasonably concluded, judged at the filing date, that the Application 
adequately described the claimed subject matter, to convey that the inventors 
were in possession of the invention as broadly claimed. 

I also declare that all statements made herein of my own knowledge are true and 
that all statements made on information and belief are believed to be true; and 
further that these statements were made with the knowledge that wilful false 
statements and the like so made are punishable by fine or imprisonment, or both, 
under Section 1001 of Title 18 of the United States Code and that such wilful false 
statements may jeopardise the validity of this application or any patent issued 
thereon. 
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Abstract Oilseed rape {Brassica napus L.) genotypes 
with no or small petals are thought to have advantages 
in photosynthetic activity. The flowers of field-grown 
oilseed rape form a bright-yellow canopy that reflects 
and absorbs nearly 60% of the photosynthetically ac- 
tive radiation (PAR), causing a severe yield penalty. 
Reducing the size of the petals and/or removing the 
reflecting colour will improve the transmission of PAR 
to the leaves and is expected to increase the crop 
productivity. In this study the 'hairpin' RNA-mediated 
(hpRNA) gene silencing technology was implemented 
in Arabidopsis thaliana (L.) Heynh. and B. napus to 
silence B-type MADS-box floral organ identity genes 
in a second-whoii-specific manner. In Arabidopsis, 
silencing of B-type MADS-box genes was obtained by 
expressing B. napus APETALA3 {BAP 3) or PISTIL- 
LATA {BPI) homologous self-complementary hpRNA 
constructs under control of the Arabidopsis A-type 
MADS-box gene APETALA1 {API) promoter. In B. 
napus, silencing of the BPI gene family was achieved 
by expressing a similar hpRNA construct as used in 
Arabidopsis under the control of a chimeric promoter 
consisting of a modified petal-specific Arabidopsis AP3 
promoter fragment fused to the API promoter. In this 
way, transgenic plants were generated producing male 
fertile flowers in which the petals were converted into 
sepals {Arabidopsis) or into sepaloid petals {B. napus). 
These novel flower phenotypes were stable and heri- 
table in both species. 

Keywords Apetalous • Arabidopsis - Brassica • Double 
sepaloid * MADS-box • Petal 
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Introduction 

Flowers of oilseed rape {Brassica napus) have four well- 
developed bright-yellow petals. During flowering time, 
flowers form a very bright-yellow layer that reflects and 
absorbs solar radiation. As consequence, only 24% of 
the photosynthetically active radiation (PAR) reaches 
the leaf canopy (Chapman et al. 1984). This accelerates 
leaf and bract senescence, reduces dry matter accumu- 
lation, and lowers seed set (Daniels et al. 1986). 

A few strategies to improve the photosynthetic effi- 
ciency of oilseed rape by utilising different apetalous 
variants (Buzza 1983; Jiang and Becker 2003) or the 
stamenoid petal (stap) variant with flowers bearing 
staminoid petals (Fray et al. 1997) have been proposed. 
Physiological analyses have revealed the potential ben- 
efit of such a petalless flower phenotype on B. napus 
yield (Rao et al. 1991; Fray et al. 1995). 

The currently used apetalous genotypes are con- 
trolled either by two recessive genes (Fray et al. 1996) or 
by an interaction of cytoplasmic genes and two pairs of 
nuclear genes (Jiang and Becker 2003). This genetic 
complexity makes it difficult to fully implement the 
apetalous trait into commercial rapeseed varieties. 
Additionally, the apetalous character appears to be 
unstable under field conditions at high temperatures and 
in long days (Rao et al. 1991). The B. napus stap variant 
also possesses poor agronomic attributes, such as 
deformed leaves and poor vigour (Fray et al. 1997). 

A more promising strategy to improve PAR trans- 
mission in oilseed rape would be the use of a single 
dominant gene that converts the bright-yellow petals 
into small non-light reflecting structures such as sepals. 
Such an organ conversion is preferable over the removal 
of the petals to avoid interfering with insect pollination. 
Pierre et al. (1996) have shown that honeybees, the main 
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pollinators on oilseed rape, do not crawl over the an- 
thers and stigma of apetalous flowers as they do in 
petalous ones but often insert their tongues between the 
sepals to collect the nectar. In this way pollination might 
be reduced, resulting in a lower seed set. 

The molecular mechanisms governing floral organ 
identity are well understood. According to the "A-E" 
model, the organ identity of each floral whorl is deter- 
mined by a unique combination of four organ identity 
activities, called A, B, C and E (Weigel and Meyerowitz 
1994; Pelaz et al. 2000; Jack 2001; TheiBen 2001; Fig. 1). 
Expression of the (A)-type genes specifies sepal forma- 
tion. The combination of (A + B + E) activities spec- 
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ifies the formation of petals, while combined (B + C + 
E) functions specify stamen formation. Expression of the 
(C + E)-type genes determines the development of 
carpels (Fig. 1). All types of organ identity genes have 
been cloned from Arabidopsis. An example of the A-type 
gene is API (Mandel et al. 1992). The B-type genes are 
AP3 (Jack et al. 1992) and PI (Goto and Meyerowitz 
1994), and the C-type gene is AGAMOUS (AG) 
(Yanofsky et al. 1990). The E- function is provided by 
three SEPALLATA genes (Pelaz et al. 2000). All these 
genes are transcription factors belonging to the MADS- 
box gene family. 

In this paper, silencing of the B-type MADS-box 
genes in a second-whorl-specific manner was obtained in 
both Arabidopsis and B. napus flowers by expressing a B, 
napus B-type gene hpRNA construct under control of an 
Arabidopsis A-type MADS-box gene promoter (Fig, 1). 
In this way, Arabidopsis lines with double sepaloid 
flowers and B. napus lines with flowers in which petals 
are converted into sepaloid petals were generated. The 
novel flower phenotypes were stable and heritable in 
both species. 



Materials and methods 

Plant material 

Arabidopsis thaliana (L.) Heynh. ecotype C24, kindly provided by 
Dr. M. Van Lijsebettens (VIB, Gent, Belgium), and the double 
haploid Brassica napus L. line cv. Simon (Bayer Bioscience N.V., 
Gent, Belgium) were used in this study. 

Plasmid construction 




Fig. la-d Experimental strategy, a Representation of the basic 
construct used in this study. A DNA fragment of a 3'-coding region 
of a B-type MADS-box gene {yellow box) was sub-cloned as an 
inverted repeat (directions are indicated by arrows) with a part of 
the GUS gene or the intron IV2 from gene ST-LSl (Vancanneyt 
et al. 1990) as a spacer {blue box). The constructs were driven by an 
A-type MADS-box gene promoter {green box), b Transcripts 
produced by the construct are predicted to form a hairpin 
structure, c Domains of the A, B, C and E functions and the 
corresponding organ identities in floral whorls in wild-type plants, 
d Domains of the A, B, C and E functions and the corresponding 
organ identities in floral whorls in transgenic plants. In transgenic 
plants, down-regulation of the B-type function in the second whorl 
only leads to development of sepals instead of petals. Numbers 
indicate whorls. Se sepals, Pe petals, St stamens, Ca carpels 



The 3'- coding regions of the BAP3 and BPI genes were cloned by 
means of RT-PCR performed on total RNA isolated from B. napus 
flower buds. RT-PCR was performed according to the protocol of 
the Superscript First-Strand Synthesis System for RT-PCR (Invi- 
trogen). AP3 cDNA-specific primers: 

- 5'-CGCACTCAGATTAAGCAGAGGC-3' and 

- 5'-GGAAGGTAATGATGTCAGAGGC-3' 

and Pi cDNA-specific primers: 

- 5'-GGGAGAAGATATACAGTCTCTCAAC-3' and 

- 5'-GAATCGGTTGCACTCTATATCC-3' 

were chosen based on the published sequences (Jack et al, 1992, 
GenBank Accession D30807; Goto and Meyerowitz 1994, Gen- 
Bank Accession M86337). In the pAPI::hpBAP3 construct, one of 
the BAP3*specif\c DNA fragments, 380-bp in length, was cloned as 
a inverted repeat with the ^-glucuronidase (GUS) fragment con- 
taining nucleotides 744—975 as a spacer. In the pAPl::hpBPI con- 
struct, one of the ^/-specific fragments, 255-bp in length, was 
cloned as an inverted repeat with the intron IV2 from the potato 
light-inducible tissue-specific gene ST-LSl, 251 -bp in length, as a 
spacer (Vancanneyt et al. 1990). In the pAPt::hpBAP3 and 
pAPl::hpBPI constructs, gene-specific structures were driven by a 
1,182-bp fragment of the API promoter. The fragment of the API 
promoter (-1182 to +1) was cloned by means of PCR from 
pKY65 plasmid kindly provided by Martin Yanofsky. In pAAP3- 
APl::hpBPI fragments of the AP3 promoter, containing nucleo- 
tides -727 to -556 and -224 to -1 were cloned by PCR based on 
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ihe published sequence (Irish and Yamamoto 1995, GenBank 
Accession U30729) and linked to the 5'-end of the API promoter. 
Plusmid constructs were introduced into Agrobacterium tumefac- 
lens strain C58Clrif by electroporation. 

Plant transformation 

The transformations of A. thaliana and B. napus were essentially 
done as described by Valvekens et al. (1992) and De Block et al. 
(1989), respectively. 

Cytology 

The embedding was done in Historesin as advised by the manu- 
facturer (Leica, Heidelberg, Germany). Sections 5 um thick were 
stained with 0.05% toluidine blue. 



In situ hybridization 

Embedding in methacrylate, sectioning, and the removal of the 
plastic were essentially done as described by Baskin et al. (1992). 
The in situ hybridizations on 7-um sections were essentially done as 
described by De Block and De Brouwer (1993). 

Microscopy 

Sections were examined with an Axioplan (Zeiss, Jena, Germany) 
microscope equipped with Normaski differential interference con- 
trast. 



Specirophotometric determination of chlorophyll 

The total chlorophyll (a + b) content was measured as described 
by Bruisma (1963). 



Results 

General strategy: silencing the B-type MADS-box 
genes in a second floral whorl-specific manner 

To convert petals into sepals without interfering with 
anther development, the strategy outlined in Fig. 1 was 
used. Following the A-E flower development model it is 
expected that silencing of a B-type MADS-box gene, 
AP3 or PI, in the second whorl will redirect the devel- 
opment of petals into sepals. This could be obtained by 
expressing in the second, but not in the third whorl self- 
complementary 'hairpin' RNA (hpRNA) constructs 
containing AP3- and/or ^/-specific sequences. Down- 
regulation of the B-type MADS-box genes in the third 
whorl has to be avoided to maintain normal male fer- 
tility. For this purpose an A-type promoter driving the 
expression of the hpRNA construct could be used. 

Starting from the PI and AP3 sequences (Jack et al. 
1992; Goto and Meyerowitz 1994), we identified in the 
amphidiploid B. napus five ^Pi-like (BAP3) and three 
P/-like (BPI) genes that were actively expressed during 
flower development (data not shown). Fragments of the 
3'-coding region of the BAP3 and BPI genes were 
isolated. The nucleotide sequence similarity between 



members of the same B-type MADS-box gene subfamily 
turned out to be on average 95%. Each B. napus gene 
subfamily shared with its unique Arabidopsis counter- 
part about 91 % sequence similarity, containing multiple 
blocks of more than 20 bases of perfect homology. This 
high sequence similarity should be sufficient to silence 
the target genes in both Arabidopsis and B. napus by 
using the same hpRNA constructs (Helliwell and 
Waterhouse 2003). The feasibility of the strategy to 
convert petals into sepals by silencing the B-type 
MADS-box genes only in the second floral whorl was 
first evaluated in the model plant Arabidopsis thaliana. 



Generation of Arabidopsis transgenic lines 
with male fertile double sepaloid flowers 

To make constructs that produce hpRNA B-type 
MADS-box gene transcript, the 3'-coding regions of one 
BAP3 and one BPI gene, were subcloned as an inverted 
repeat (see Materials and methods). Both hpBAP3 and 
hpBPI gene-specific sequences were driven by a 1.1 -kb 
promoter fragment of the Arabidopsis API gene. The 
resulting pAPl::hpBAP3 and pAPl::hpBPI constructs 
were introduced separately into Arabidopsis. 

A total of 125 pAPl::hpBAP3 and 56 pAPl::hpBPI 
transgenic lines was generated. All the plants were nor- 
mal in terms of vegetative growth while they had mor- 
phological changes in flower organs. 16.9% of the 
pAPl::hpBPI and 5.6% of the pAPl::hpBAP3 lines 
exhibited the desirable double sepaloid phenotype 
(Fig. 2b). Instead of petals, sepals developed in the 
second floral whorl, indistinguishable from those of the 
first whorl except for their slightly smaller size. Despite 
their transformation, these organs developed in the 
positions and on a time course characteristics of petals. 
Some other pAPl::hpBAP3 T 0 plants had a range of 
phenotypes related to the severity of homeotic trans- 
formations observed in petal and stamen development. 
10.4% of the pAPl::hpBAP3 lines produced flowers 
with short white petals and 20% of the lines had 
homeotic aberrations in stamens ranging from weak 
carpelloidy to complete transformation of stamens into 
carpels (Table 1). In contrast to the pAPl::hpBAP3 
lines, no aberrations in the third floral whorl were ob- 
served in the pAPl::hpBPI transgenic plants (Table 1). 

Microscopic analysis of cross-sections of mature 
pAPl::hpBPI double sepaloid flowers revealed that the 
mesophyll cells of the second-whorl organs were sepal- 
oid in nature, as indicated by the presence of chlorop- 
lasts and their larger size than those normally found in 
wild-type petals. The abaxial epidermis was like that 
of sepals, consisting of stomata and irregularly shaped 
cells (Fig. 2d). The same results were obtained for 
pAPl::hpBAP3 double sepaloid flowers (data not 
shown). 

To confirm that the double sepaloid phenotype of 
Arabidopsis transgenic plants was caused by depletion of 
expression of endogenous B-type homeotic genes in the 
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second whorl, the PI mRNA expression pattern in 
pAPl::hpBPI was examined by in situ hybridization. In 
wild-type Arabidopsis flowers, PI mRNA is detected 



Fig. 2a-f Analysis of the double sepaloid pAPl::hpBPI Arabidop- 
sis thaliana flowers, a C24 Arabidopsis wild-type mature flower, b 
Mature transgenic flower. Second-whorl organs are sepals (arrow) 
that are slightly smaller than the true sepals, c, d Cytological 
transverse sections taken approximately in the middle of anthers of 
flower buds at stage 12. c Cellular morphology of first- and second- 
whorl organs of a wild-type flower. Mesophyll cells of the 
second-whorl petals are smaller than those of sepals developed in 
the first whorl. Abaxial epidermal cells of petals are regular in 
shape, d Cellular morphology of first- and second-whorl organs of 
a transgenic flower. Mesophyll and epidermal cells of the second- 
whorl organs are slightly smaller in size than cells of the first-whorl 
sepals. The shape of the cells of the second-whorl sepals is similar 
to those of the first-whorl sepals. Stomata (arrows) are present in 
the abaxial epidermis of the second-whorl organs as in normal first- 
whorl sepals, e, f In situ analysis of PI expression in transverse 
sections of wild-type and transgenic flowers. The hybridisation 
signal is confined to the second- and the third-whorl organs in wild- 
type flowers (e). In transgenic flowers (f) PI expression is detected 
in the third-whorl organs only. Numbers indicate whorls. Bars = 
50 urn (c, d, f) t 100 urn (e) 



from stage 3 (Smyth et al. 1990) in second- third- and 
fourth-whorl primordia. In the second and third whorls 
it persists until anthesis (Goto and Meyerowitz 1994). In 
pAPl::hpBPI double sepaloid flowers the PI transcript 
was not detectable in the second-whorl primordia at any 
of the stages examined (Fig. 2f). Expression of PI in 
developing stamens was similar to that observed in the 
wild type. 

As it has been shown that expression of both PI and 
AP3 genes is reduced when either the PI or AP3 gene is 
mutated (Jack et al. 1992; Goto and Meyerowitz 1994), 
we anticipated that inhibition of expression of one of the 
B-type MADS-box genes in a tissue where both genes 
are active would lead to reduction of expression of the 
counterpart gene in the same manner. To verify this 
hypothesis, in situ hybridization of the pAPl::hpBPI 
flowers using the 2?/l Pi-specific fragment as a probe was 
performed. As was predicted, AP3 RNA was not de- 
tected in the second whorl of developing organs. How- 
ever, no reduction in the level of the AP3 mRNA was 
observed in stamens (data not shown). 

Heritability and stability of the double sepaloid trait 
was tested by self-pollination. The trait was heritable and 
in the case of pAPl::hpBPI stable through the T! and T 2 
generations. In the case of pAPl::hpBAP3 some Tj and 
T 2 lines produced flowers with homeotic aberrations in 
stamens, as previously observed in the T 0 plants. 

In B. napus y silencing of B-type MADS-box genes 
in the second whorl results in the transformation 
of petals into sepaloid petals 

To evaluate whether the expression of the pAPlnhp- 
BAP3 and pAPl::hpBPI genes would also result in a 
double sepaloid phenotype in B. napus, 48 and 53 
transgenic lines, respectively, were generated. 

All the pAPl::hpBAP3 lines had wild-type flowers. 
Among the pAPl::hpBPI transgenic lines, 22.6% 
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Tabic 1 Phenotypic analysis of 
To Arabidopsis (haliana plants 



"Range of aberrations in 
siamens from mild to complete 
conversion of stamens into 
ca rpels 



Transformed 


Total number of 
transgenic lines 


Plants with mutant phenotype (%) 




constructs 


Double sepaloid Double sepaloid 
Fertile Partially male sterile 8 


Short petals 
Fertile 


P APl::hpBPl 
pAPl::hpBAP3 


56 
125 


16.9 <2 
5.6 20 


18.9 
10.4 



exhibited an apetalous or partially apetalous phenotype 
characterised by the appearance of flowers without 
petals or bearing 1, 2 or 3 petals only (Table 2). Fre- 
quently, the petals were significantly smaller and nar- 
rower than those from wild type (data not shown). 
However, this phenotype was unstable and not heritable. 

The absence of the double sepaloid phenotype in 
transgenic B. napus lines with the same constructs used 
in Arahidopsis could be due to an inability of the Ara- 
hiciopsis API promoter to direct transcription of ade- 
quate amounts of double-stranded transcripts necessary 
lo trigger silencing of all target BAP3 or BP/ genes ex- 
pressed in rapeseed flowers. Starting from this hypoth- 
esis, a new construct was generated that could produce 
higher amounts of hpRNA. Because the pAPl::hpBAP3 
B. napus transgenic plants did not exhibit any pheno- 
types different from those of wild-type plants, and in 
Arabidopsis the most stable double sepaloid flower 
phenotype was obtained with the hpBPI construct, we 
continued only with the hpRNA BPI gene. 

To enhance the level of expression of hpBPI specifi- 
cally in the second whorl, an Arabidopsis modified AP3 
regulatory fragment was added to the API promoter. 

Discrete crs-acting elements regulating spatial and 
temporal expression of the Arabidopsis AP3 gene have 
been identified (Hill et al. 1998; Tilly et al. 1998). Based 
on these data the positive regulator of the AP3 expres- 
sion during the early stages of flower development was 
combined with the petal-specific regulatory region (see 
Materials and methods). The modified AP3 promoter 
was introduced in the pAPl::hpBPI construct directly 
upstream of the API sequence. This pAAP3-APl ::hpBPI 
construct was transformed into B. napus. 

Of the 125 primary transformants, 11.2% produced 
flowers with aberrant second-whorl organs. Of these 
11.2% lines, half (5.6%) produced flowers in which 
petals were converted into sepaloid petals (Fig. 3a, Ta- 
bic 2). These organs were yellowish-green, indicating the 
presence of chloroplasts in their cells that is character- 
istic of wild-type sepals. The size of the sepaloid petals 
was comparable to the size of true sepals. These organs 



were narrow and almost strap-like in shape, like sepals, 
but had a small lamina and base, characteristic of a 
petal. In addition the lamina portion was wrinkled 
(Fig. 3a). 

The aberrant B. napus flowers with sepaloid petals 
were analysed microscopically to verify the identity of 
tissues in the second-whorl organs. As shown in Fig. 3c 
the size and the shape of epidermal and mesophyll cells 
of these organs were indistinguishable from the first- 
whorl sepals. Moreover, the mesophyll cells of the 
sepaloid petals contained a large number of chloroplasts 
(Fig. 3d). 

In addition, spectrophotometric analysis of chloro- 
phyll fluorescence, which was done on the first and the 
second floral organs of transgenic plants, revealed that 
chlorophyll content in the sepaloid petals is only 30% 
less than in the true wild-type sepals (data not shown). 

In situ hybridization of flower sections with a BPI- 
specific probe confirmed the absence of a detectable level 
of BPI gene expression in the second whorl of the 
transgenic flowers, indicating that the complete BPI 
gene family was down-regulated (Fig. 3e). 

The other half of the 11.2% transgenic pAAP3- 
APl::hpBPI lines exhibited partial apetalous and apet- 
alous phenotypes similar to those observed in 
pAPl::hpBPI transgenic plants (Table 2). 



The flower phenotype with sepaloid petals is a stable 
trait in B. napus transgenic plants 

The stability of transformation of petals to sepaloid 
petals in B. napus was tested for six lines, of which the 
original To plants had flowers with sepaloid petals and 
contained only one copy the pAAP3-APl ::hpBPI trans- 
gene. The T 0 plants were first maintained by selfing. The 
transgenic plants of these Tj generations had flowers 
with sepaloid petals while the azygous segregants had 
normal wild-type flowers. For each line ten transgenic 
plants of the Tj generation were backcrossed with the 
original non-transgenic double haploid B. napus line cv. 



Tabic 2 Phenotypic analysis „ ^ , , 

or T 0 Brasssica napus plants Transformed Total number of Plants with mutant phenotype (%) 

constructs transgenic lines 

Sepaloid petals Apetalous/partially apetalous 



P APl::hpBAP3 48 
pAPl::hpBPI 53 
pAAP3-APl::hpBPI 125 



0 
0 

5.6 



0 

22.6 
5.6 
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Simon. Depending on whether the Ti plant used was 
homo- or heterozygous for the transgene, all or 50% of 
the F t plants,. respectively, had sepaloid petals in their 
flowers. A second backcross was done with 15 plants of 
each line. As expected, in the F 2 generations there was a 
1:1 segregation of wild-type plants and plants with 
sepaloid petals. The flower phenotype of the transgenic 
F 2 plants was identical to those of the T 0 , T t and F) 
transgenic plants. 



Fig. 3a-e Analysis of the pAAP3-APl ::hpBPI B. napus flowers, a 
Morphological features of Brassica napus flowers: mature wild-type 
flower (left), mature flower of a transgenic plant (right). The 
second-whorl organs of a transgenic flower are yeltowish-green 
sepaloid petals (arrow). The size of these organs is similar to sepals 
developed in the first whorl, but the lamina-base structure can still 
be distinguished (for comparison see the detached organs in the 
bottom right corner: the second-whorl organ (left), the first-whorl 
organ (right) of a transgenic flower), b-d Cytological transverse 
sections taken approximately in the middle of anthers at the early 
yellow bud stage (Smith and Scarisbrick 1990). b Cellular 
morphology of first- and second-whorl organs of a wild-type 
flower. Mesophyll cells of petals are smaller than those of sepals. 
Epidermal cells of petals are regular in shape, c Cellular 
morphology of the first- and second-whorl organs of a transgenic 
plant. The shape and the size of mesophyll and epidermal cells of 
the second-whorl organs are similar to those of the first-whorl 
sepals, d Cytology of a sepaloid petal showing the presence of 
chloroplasts (two examples indicated by arrows) in the mesophyll 
cells, e, f In situ analysis of BP! expression on transverse sections of 
wild-type and transgenic flowers. The hybridization signal is 
confined to the second- and the third-whorl organs in wild-type 
flowers (e). In transgenic flowers (f) BP1 expression is detected in 
the third-whorl organs only. Numbers indicate whorls. Bars = 
20 um (d), 100 um (b, c), 200 urn (e, 0 



Discussion 

The hpRNA-mediated gene silencing technology has 
been proven to be a very efficient tool for gene discovery 
and functional genomics in diverse organisms such as 
fungi (Pickford et al. 2002), nematodes (Bargmann 
2001), and animals (Harborth et al. 2001). In plants this 
technology has been used successfully to generate virus 
resistance (Waterhouse et ah 1998) as well as to obtain 
consistent and profound inhibition of the expression of 
transgenes and endogenous genes (Levin et al. 2000; 
Smith at ah 2000; Wesley et aL 2001; Liu et al. 2002). 

Chuang and Meyerowitz (2000) demonstrated that the 
hpRNA-mediated silencing technology could be used to 
interfere with flower development. A range of aberrant 
flower phenotypes was obtained by down-regulating the 
floral organ genes AGAMO US, CLA VAT A3, APET- 
ALA1, and PERIANTHIA using hpRNA constructs 
driven by the constitutive 35S and nopaline synthase 
promoters. Recently, it has been shown that the hpRNA- 
mediated silencing technique can be used to silence genes 
in an organ-specific way. The fatty acid composition of 
Arabidopsis and cotton seeds was modified by down- 
regulating the seed expression of two fatty acid desatur- 
ase genes using hpRNA constructs driven by seed-specific 
promoters (Liu et al. 2002; Stoutjesdijk et al. 2002). 

In this article we present for the first time to our 
knowledge implementation of the hpRNA-mediated 
technology to silence a multigene family in a floral 
whorl-specific manner. Silencing of the B-type MADS- 
box genes that are present in single copy in Arabidopsis 
but are present in multiple copies in B. napus causes 
complete transformation of petals to sepals in Arabid- 
opsis and partial transformation in B. napus. This flower 
phenotype is stable and heritable in both species. 
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In Arabidopsis, unlike the silencing of the PI gene, 
silencing of the AP3 gene results in homeotic aberrations 
in anthers in 20% of the cases. This implies that in these 
lines partial silencing of the AP3 gene also occurs in 
developing stamens. These results can be attributed to 
ivvo possibilities. First, in wild-type Arabidopsis flowers 
API is expressed during early floral stages throughout 
all four whorls and is down-regulated in whorls 3 and 4 
by the AC gene during stage 3, persisting in whorls 1 
and 2 only (Mandel et al. 1992; Bowman at al. 1993). 
However, in contrast to the endogenous promoter, the 
smaller API promoter fragment we used might have 
some activity in the central whorls after stage 3 as pro- 
posed by Yun et al. (2002). The activity of the 
pAPI::hpBAP3 gene might have led to down-regulation 
of AP3 in the third floral whorl. Alternatively, an 
aberrant stamen development in the pAPl::hpBAP3 
transgenic plants might be the result of the spreading of 
a silencing signal between floral whorls. 

Both hypotheses imply that a certain amount of 
dsRNA of the AP3 gene present in the third whorl 
of transgenic flowers is sufficient to trigger silencing of 
AP3. This is not the case for the PI gene, for which the 
down-regulation did not result in aberrant anther phe- 
notype. PI and A P3 are both expressed in developing 
petals and stamens. However PI expression levels are 
similar in both whorls, whereas AP3 expression is lower 
in developing stamens than in petals (Zhou et al. 2002). 
It may be that for this reason a lower threshold con- 
centration of hpRNA is required in stamens to provoke 
a partial inhibition of the AP3 gene expression. 

Although systemic spreading of silencing may be a 
concern for implementation of the hpRNA-mediated 
silencing technology in tissue-specific applications in 
plants (Wang and Waterhouse 2002), the stability of the 
aberrant flower phenotype throughout development of 
our transgenic plants indicates that at least in the case of 
the B-type MADS-box genes there is no significant 
spreading of silencing between the meristems of adjacent 
floral organs. 

Another phenomenon that might limit application 
of the hpRNA gene silencing technique is spreading of 
RNA targeting. During this process spreading of the 
RNA silencing signal occurs from the initial target 
sequence into the adjacent 5' and 3' regions (Jones 
al al. 1999; Vaistij at al. 2002). This may result in the 
participation of the entire transcribed region of the 
target gene in the RNA silencing process. As a con- 
sequence, expression of other homologous genes can 
be inhibited. Based on this hypothesis and the fact that 
different types of MADS-box genes share a high per- 
centage of homology at the MADS-box regions 
(Purugganan et al. 1995), target-site spreading along 
the AP3 or PI transcribed sequences would led to 
silencing of not only AP3 and PI but also of other 
MADS-box genes that are expressed in the developing 
second-whorl organs. In this case petals will be con- 
verted not only into sepals but also into organs with 
staminoid and/or carpeloid and/or other aberrant 



structures. The absence of such phenotypes in our 
transgenic plants suggests that silencing of B-type 
MADS-box genes was not associated with the 
spreading of RNA targeting. The absence of the tar- 
get-site spreading process was also observed by Vaistij 
et al. (2002) for the ribulose-l,5-bisphosphate carbox- 
ylase/oxygenase and phytoene desaturase genes. These 
results demonstrate that the hpRNA-mediated gene 
silencing technology can be applied not only to silence 
all genes of a multigene family but also to silence 
specifically a single member of a subfamily or even of 
a multigene family. 

B. napus plants transformed with the improved 
pAAP3-APl::hpBPI construct have small yellowish- 
green sepaloid petals in the second whorl. Although 
mesophyll and epidermal cells of these sepaloid petals are 
sepaloid in morphology, the light-yellow colour suggests 
that some petal-specific biochemical pathways are still 
active in the cells of these organs. In addition, the small 
lamina and base of these organs are petal characteristics. 
It might be that undetectable levels of BPI transcripts are 
still sufficient for maintenance of some petaloid features. 

Recently, in Arabidopsis an alternative approach was 
used to interfere with the expression of A P3 in a second- 
whorl-specific manner (Guan et al. 2002). A zinc finger 
protein designed to bind to a region upstream of AP3 
was fused to the human transcriptional repression do- 
main of mSIN3. When the API promoter was used to 
drive the expression of this artificial zinc finger tran- 
scription factor, flowers were obtained that were par- 
tially apetalous or that contained some sepaloid petals. 
Although the use of synthetic transcription factors is a 
promising approach to interfere with gene regulation, 
high expression levels of these transcription factors are 
probably needed to obtain a full phenotype by gene 
repression. Due to technical limitations the use of such 
artificial transcription factors is less feasible when mul- 
tiple genes with redundant function, like the B-type 
MADS-box genes in B. napus, have to be repressed. 

Theoretically, in Arabidopsis a double sepaloid flower 
phenotype may also be obtained by silencing the SEP- 
ALL AT A genes in the second whorl (Fig. 1). However, 
due to the redundant function of the SEPALLATA 
genes, all three genes would have to be silenced together 
(Pelaz et al. 2000). 

In conclusion, Arabidopsis and B. napus lines with a 
flower phenotype that is, respectively, double sepaloid or 
has sepaloid petals, and that is male fertile and stable in 
subsequent generations can be obtained by a hpRNA- 
mediated gene silencing of the PI STILL AT A gene 
exclusively in the second floral whorl. Further physio- 
logical studies of B. napus transgenic lines will allow 
quantification of the effect of the flower architecture 
with sepaloid petals on the distribution of PAR and on 
other important agronomic features such as pollination 
and overall seed yield. 
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